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Optical fibers are commonly used for sensing and imaging purposes of the organs of 
human body in a minimally invasive or non-invasive manner [1].  Recent development of miniature 
fiber-based probes has a great potential for imaging purposes in medicine [2]. The needle stylet 
with integrated optical fibers have been demonstrated for infrared spectroscopy [3,4]. The 
combination of integrated optical fibers with needle stylet and photoacoustic technology would 
provide further opportunity for imaging of organ and deep tissue which other way wouldn’t be 
possible. For this purpose fibers have to be inserted insight of the procedure needle fixed and 
constrained against movement. Avoiding cross talk between the fibers they have to be keep apart 
at some distance. Three-dimensional (3D) printing or rapid prototyping (RP)  technology has been 
widely used in the varieties of scientific areas: biotechnology, medical science, chemistry, dentistry 
and others [5–9]. The direct formation of the object (layer by layer in sub mm scale), freedom in 
object design, multi-material printing, and minimum lost material during production are some of 
the interesting capabilities of 3D printing. It provides an opportunity for engineers to create unique 
complex structures, visualize the designed objects before the construction and eliminate errors, 
and saving material. The knowledge of printing accuracy (resolution) of small parts is required.  
In this context the feasibility of 3D printing technology for the development of endoscopic 
probes is assessed. We will demonstrate the latest progress in development of endoscopic probe 
with help of 3D printing.  
Two polyjet printers (Objet 30, Objet 350 Connex) have been used with highest printing 
resolution possible for fabrication of a number of cylindrical objects (stylets) with diameters (0.6 
mm-3 mm) with holes. The tip of every stylet was tilted 22 degree from z direction similar to the 
needle. The accuracy of printing using two polyjet printers is compared. Multi-material printing, 
the orientation of printed objects and different printing regimes (gloss and mate) influences on 
final 3D printing output will be discussed. The minimum outer diameter of the stylet 460 µm is 
achieved, while the holes in stylets as small as ~400 µm are created. The minimum wall thickness 
for small objects in the range of 500 µm is achieved. To keep fibers fixed at proximal end of the 
needle a novel custom made fibers-needle connector was developed. This connector simplifies the 
clamping of the fibers and connection to the needle.  The future potential of incorporating 
endoscopic probe into interventional imaging system will be discussed.  
 
 
Figure 1. (a) 3mm cylinder objects (stylets) with 22 degree at the tip are designed in FreeCAD 
software, and (b) fabricated using 3D printer by Objet 30 Stratasys printer from VeroWhitePlus 
material. (c) The possibility of two 125 µm fibers to keep apart using 3D printed stylet at the 
proximal end of the needle is demonstrated. (d) A fibers-needle holder is designed with grooves 
for fibers and a luer for the needle connection, and (e) fabricated by polyjet printer Object 30. 
 
Keywords 
3D printing, optical probe, needle stylet 
 
Biography 
Daniil Nikitichev has earned a PhD degree from University of Dundee in 2012 in Laser Physics 
designing, developing, constructing and testing the range of lasers. After few months at Aston 
University and Swansea University characterizing fiber lasers and amplifiers, he joined the 
University College London in London, UK. He has been working with a photoacoustic ultrasound 
system for ex-vivo and in-vivo imaging of the tissues and organs. Last year he was fascinated by 
3D printing technology and its possibilities.  His research topics include 3D printing, acoustic 
properties of 3D printed materials, photoacoustic imaging, optical and photoacoustic phantoms. 
 
 
 
 
References 
[1] G. Oh, E. Chung, S. H. Yun, Opt. Fiber Technol. 2013, 19, 760. 
[2] B. Y. J. Pelaprat, B. Wang, Photonics Spectra  2012, July, 2 . 
[3] A. E. Desjardins, M. van der Voort, S. Roggeveen, G. Lucassen, W. Bierhoff, B. H. W. Hendriks, M. 
Brynolf, B. Holmström J. Biomed. Opt. 2011, 16, 077004. 
[4] A. E. Desjardins, B. H. W. Hendriks, M. Van Der Voort, R. Nachabé, W. Bierhoff, G. Braun, D. Babic, 
J. P. Rathmell, S. Holmin, M. Söderman, and B. Holmström, Biomed. Opt. Express 2011, 2, 1452. 
[5] B. Zhu, S. Vanloocke, J. Stiens, D. De Zutter, A. Elhawil, C. De Tandt, and R. Vounckx, in Proc. 5th 
Eur. Conf. Antennas Propag. 2011, 745. 
[6] F. A. Zeiler, B. Unger, A. H. Kramer, A. W. Kirkpatrick, L. M. Gillman, Can. J. Neurol. Sci. 2013, 40, 
225. 
[7] P. Nikolaou, A. M. Coffey, L. L. Walkup, B. M. Gust, C. D. LaPierre, E. Koehnemann, M. J. Barlow, M. 
S. Rosen, B. M. Goodson, and E. Y. Chekmenev, J. Am. Chem. Soc. 2014, 136, 1636. 
[8] A. Khalyfa, S. Vogt, J. Weisser, G. Grimm, A. Rechtenbach, W. Meyer, and M. Schnabelrauch,  J. 
Mater. Sci. Mater. Med. 2007, 18, 909. 
[9] J. S. Mathieson, M. H. Rosnes, V. Sans, P. J. Kitson, and L. Cronin, Beilstein J. Nanotechnol. 2013, 4, 
285.  
 
